Labour was studied in 69 primiparous and multiparous rats by continuous observation and by the recording of intra-uterine activity. 
INTRODUCTION
Oxytocin has been found to induce 'normal' labour when administered in amounts that may be regarded as physiological. The hypothalamo-neurohypophysial system (HNS) is the site of oxytocin production and this appears, from several different experimental approaches, to be activated in both the mother and foetus during labour (Swaab & Jongkind, 1970; Chard, 1973) . The activation of the HNS of the foetus probably relates to stress, and there is no evidence at the present time to indicate that this foetal oxytocin influences the time of birth . Many studies have detected oxytocin in the peripheral plasma of the mother in labour, and the recorded levels have tended to be highest during the terminal stages of delivery (Chard, 1972) . Despite this appearance of oxytocin in the blood and the knowledge that it can promote uterine activity, the exact role of oxytocin in natural labour remains unsettled.
A sudden activation of the HNS by a neural or neurohumoral stimulus could release a surge of oxytocin and precipitate the sudden onset of labour with the rapid delivery of the young. Such a development could account for the explosive pattern of delivery observed in species such as the rabbit where the full litter is usually delivered in less than 10 min (Fuchs, 1964) . Furthermore, a normal labour can be promoted in the rabbit by either the injection of 100 mu. oxytocin (Cross, 1958; Fuchs, 1964) or the release of endogenous oxytocin through 10 s of electrical stimulation applied to the HNS (Lincoln, 1971) . These methods can advance labour in the rabbit by h.
Clearly not all species deliver their young with such rapidity. The labour of the rat lasts for 1-2 h, and in contrast to the rabbit this has only successfully been induced by the pro¬ longed i.v. infusion of oxytocin at 2 mu./min (Fuchs & Poblete, 1970) . Such infusions involve the administration of 100 mu. oxytocin or more. This is an unphysiologically large amount of hormone and at best labour is only advanced by 4-5 h. How could endogenous oxytocin be involved in the labour of a species such as the rat? A continuous release of oxytocin throughout labour is unlikely, for the oxytocinergic neurones of the HNS have to accelerate to over 30 action potentials/s to release a significant amount of oxytocin (1-2 mu.), and these rates can only be sustained for a few seconds at a time (Lincoln & Wakerley, 1974) .
Two possibilities do exist, oxytocin may be released as a pulse every few minutes throughout labour, as occurs during suckling (Lincoln, Hill & Wakerley, 1973) . Alternatively, oxytocin may be released during the terminal stages of delivery in response to the dilatation of the birth canal (Ferguson, 1941) .
In the present studies we have attempted to determine whether endogenous oxytocin (and possibly other neurohypophysial hormones) could be made to induce labour in the rat when released by periodic electrical stimulation of the neurohypophysis.
MATERIALS AND METHODS
Sixty-nine female rats of a Wistar strain, weighing 200-300 g, were used, excluding those which died as a result of surgery. Data from 16 primiparous rats forming the control of a previous study were included in Fig. 7 . Daily illumination was provided from 07.00 to 19.00 h, and food and water were available ad libitum. Vaginal smears were taken daily between 08.00 and 10.00 h. Day 0 of pregnancy was assigned to the day on which spermatozoa were found in the vaginal smear.
Implantation of electrodes Concentric bipolar electrodes for the stimulation of the neurohypophysis were prepared from diamel-insulated platinum wire (0-2 mm) and stainless steel tubing (0-6 mm outer diameter) insulated with varnish. The tip of each electrode was sharpened to a conical point by grinding against a whetstone.
The animals were anaesthetized with 6 mg sodium pentobarbitone (Nembutal, Abbott Laboratories), and supplementary ether was given when the barbiturate anaesthesia proved inadequate for the placement of the animal into the stereotaxic headholder. The electrodes were implanted into the neurohypophysis from a midline dorsal approach using pre¬ determined stereotaxic co-ordinates, and the electrodes were secured to the skull by four screws and dental acrylic. The Lincoln, Boer & Swaab, 1974) .
Registration and calculation of data The events of labour and the associated maternal behaviour were recorded by continuous observation. Uterine contractions and intramammary pressures were transmitted from the telemetry pills to an FM radio receiver (Rigel Research) and plotted on a flat deck recorder (Servogor-S).
Gestation length was calculated to the minute, from the onset of Day 0 until delivery of the first pup. The delivery of the first pup was regarded as the onset of parturition. The duration of parturition was the time from the delivery of the first to the last pup of a litter.
The birth interval was the time between the deliveries of successive pups.
RESULTS
Intra-uterine pressure recordings during labour The course of spontaneous labour in animals with intra-uterine pressure pills was for the most part similar to that observed in unoperated animals. The first contractions were usually recorded some hours before the delivery of the first pup, and the contractions tended to occur in groups lasting some minutes at a time. The frequency of such groups and the in¬ tensity of these contractions gradually increased until they finally merged into a period of continuous contractile activity commencing some minutes before the expulsion of the first pup. These final contractions were of large amplitude and were often associated with a rise in residual pressure (Fig. 1) . Large, but brief, pressure spikes caused by abdominal straining motions appeared superimposed on the intrinsic uterine activity, and a number of such contractions preceded the delivery of each pup or placenta. Uterine activity decreased sharply after the delivery of the last pup (or placenta) and pressure peaks negative in relation to the baseline sometimes appeared (Fig. 1) . Fig. 1 . A recording of intra-uterine pressure from a rat during natural labour on Day 21 of gesta¬ tion, obtained from an implanted pressure-sensitive radio-pill. Tracings (a), (b) and (c) form a con¬ tinuous recording. The numbers in (p) indicate the deliveries of both pups and placentae, except for the placentae ( ) of pups 5, 6, 7 and 11 which were expelled sometime after the young. The recording shown in (d) was obtained 8 h post partum. The horizontal lines indicate the margins of the recording paper. The spikes superimposed upon some of the largest uterine contractions were caused by abdominal straining. Note, the burst-like configuration of the contractions before the expulsion phase of labour, and the appearance of negative pressure waves after the expulsion of the last pup.
Electrical stimulation of the neurohypophysis for 10 s, in the hours immediately before delivery, elicited uterine contractions lasting for a total of 10-15 min (Fig. 2) . When stimulation was repeated at intervals of 3-5 min, a longer period of contractile activity developed comparable to that observed during spontaneous labour. Stimulation applied immediately post partum also induced an increase in uterine activity, but the induced pressure waves were of lower amplitude and frequency (Fig. 2) . In all these situations the results of 10 s of electrical stimulation were easily reproduced by the injection into the great saphenous vein of oxytocin in amounts up to 2 mu.
As a result of the studies mentioned above, a stimulation programme was evolved for the evaluation of labour in which stimulation was applied every 5 min in 45 min sessions commencing at 12.00 h on Day 21 ; these sessions were then repeated every 3 h until labour had occurred (see Methods). The effect of this stimulation programme on the course of labour was also investigated in animals with intra-uterine pressure pills but the data were not included in the calculations which follow. Fig. 2 . Effect of electrical stimulation of the neurohypophysis and of oxytocin administration on the contractile activity of the pre-and post-partum rat uterus. The pre-partum recordings were made on Day 22 in an animal displaying a protracted pregnancy. Each vertical event mark represents a 10 s train of stimuli, the parameters of which are shown lower right. Oxytocin was administered via a cannula inserted through the great saphenous vein. Note: (1) a single train of 10 s stimulation evoked in the pre-partum situation 10-15 min of increased uterine activity, and was mimicked by 2mu. oxytocin; (2) the increase in baseline pressure, particularly when the pre-partum situation stimulation was applied at intervals of Z-A min; (3) the lower frequency of contractions in the postpartum period.
The effects of repeated stimulation of the neurohypophysis of an animal on the afternoon of Day 21 is illustrated by the uterine contractions depicted in Fig. 3 . In this animal, and in others stimulated close to term, contractions commenced almost immediately after the first 10 s of stimulation, or when contractile activity was already in progress the amplitude and frequency of the contractions increased. Abdominal straining was observed within 5 min in the recording illustrated and the first pup was delivered 23 min after the stimulation session commenced. Uterine activity continued after the stimulation session terminated at 45 min, but the course of events slowed and contractions decreased in frequency and amplitude. Note the tendency for contractions in the post-stimulation period to be grouped into bursts. When the next stimulation session commenced (3 h after the first), contractions soon increased in amplitude and the seventh and last pup was expelled. Changes in baseline pressure were observed but these were not consistent from one animal to another. Fig. 2 . The numbers indicate the deliveries of both pups and placentae, except for the placentae ( ) of pups 6 and 7 which were delivered some time after the young were born. The horizontal lines indicate the margins of the recording paper, adjustments to which were necessary to encompass the changes in baseline pressure encountered over the 4 h of recording shown. Trace (e) represents the uterine pressure response to a single train of stimuli applied 2 h after the delivery of the seventh and last foetus. Note : (1) the appearance of uterine contractions after the onset of stimulation in both tracings (a) and (c), (2) the development of bursts of contractile activity between the two stimulation sessions; (3) the decline in uterine contractions and the dis¬ appearance of abdominal contraction spikes after delivery of the last placenta despite the application of further stimulation trains.
Delivery patterns after neurohypophysial stimulation Eight representative patterns of labour in control animals, recording the overt signs of labour and the delivery of the pups against time, are shown in Fig. 4 . These control animals carried implanted stimulation electrodes, but stimulation was never applied. The pre¬ delivery phase of lordosis-type abdominal straining varied considerably in length, and was of longer duration and more pronounced in primiparous than multiparous animals. It was not uncommon, with the latter, for the first outward sign of labour to be the actual expulsion of the first pup.
The delivery of the young in the electrically stimulated group followed a similar pattern to that observed in the control animals, with the exception that labour was time-locked within broad limits to the onset of stimulation (Fig. 5) . Thus, in Fig. 5a (Fig. 5 b) (Fig. 6) .
Length of gestation
The (Fig. 8 a) , but the distribution was skewed and a few intervals exceeded 50 min. Figure 8b shows that the birth interval de¬ creased in both control and stimulated animals from the delivery of the first to the fifth pup, thereafter the birth interval remained rather uniform. In the presentation of Fig. 8¿> , five abnormally long birth intervals (>50min) have been excluded, with one exception these long birth intervals were from stimulated animals displaying an interrupted pattern of labour. Allowing for this exercise, it can be seen from Fig. 8 b that the first four birth intervals in the stimulated group were substantially shorter than those observed in control animals, indicating that the early part of the delivery phase proceeded with more rapidity in stimulated than in control animals. This has been confirmed statistically, for when the abnormally long intervals are returned and the data compared by a non-parametric test the first four birth intervals in the stimulated group are significantly shorter (P Control of electrode localization Three of the 26 animals in the stimulation groups were not found to display a release of oxytocin when the same stimulation parameters were applied during lactation; the release of oxytocin being assessed by the observation of a milk-ejection response from the suckling young (see Methods). The results of these three animals were therefore excluded. With 17 of the remainder, milk ejection was observed after application of a 10 s period of stimula¬ tion at 60 Hz with currents of 300 µ A. or less, a substantially smaller current than was norm¬ ally applied during the induction of labour. The oxytocin-threshold for the triggering of a milk-ejection response from the suckling young is 0-2-0-4 mu. (Lincoln, 1973 ). An intramammary pressure recording from a rat at Day 10 of lactation is shown in Fig. 9 . Here, in the same rat, the effect of electrical stimulation of the neurohypophysis was compared with the effect of oxytocin injected into the great saphenous vein. From observations such as those reported in Fig. 9 , we conclude that each 10 s burst of stimulation applied during labour released 1-3 mu. oxytocin. Oxytocin (mu.) (Lincoln & Wakerley, 1974) .
A single injection of oxytocin does not induce labour in the rat (Fuchs & Poblete, 1970) and supraoptic nuclei (Lincoln & Wakerley, 1974) . The observation of bursts of contractile activity during the onset of spontaneous labour suggests that a pulsatile release of oxytocin might be occur¬ ring. In man a pulsatile release of oxytocin has been reported with the pulses increasing in frequency near to the expulsion of the foetus (Gibbens, Boyd & Chard, 1972 (Cross & Harris, 1952; Harris, Manabe & Ruf, 1969) and in vitro (Ishida, 1970; Dreifuss, Kalnins, Kelly & Ruf, 1971) , such stimulation undoubtedly releases other neurohypo¬ physial peptides such as vasopressin (Douglas & Poisner, 1964) . This second hormone is also released in labour (Fuchs & Saito, 1971) (Lincoln, 1971) . The rabbit uterus, however, is sensitive to the action of oxytocin for some 48 h before parturition, and when delivery does occur it is abrupt in onset and quickly completed. However, the rat uterus only develops any appreciable sensitivity to oxytocin within 6 h of delivery, and labour then lasts for 1-3 h (Fuchs, 1969 Other studies have already shown that most deliveries in rats occur during the period of light, i.e. the period of rest in this species (Naaktgeboren & Slijper, 1970; Mitchell & Yochim, 1970) The present study supports the concept that neurohypophysial hormones of endogenous origin can promote or facilitate labour in the rat, and confirms that the changes in the uterine response to these hormones is most rapid in the hours immediately before delivery. These studies do not prove that oxytocin is released during natural labour in the pulsatile manner created by stimulation; we need to develop an on-line assay whereby we can monitor the second-by-second release of neurohypophysial hormones during natural labour. We assume in our discussion that oxytocin plays an essential role in normal labour, but this assumption remains both difficult to support or refute for other unknown neurohypophysial substances might be involved.
